1. Introduction {#sec1}
===============

Seasonal influenza vaccination is a standard pharmaceutical intervention usually used to prevent the onset of symptoms \[[@bib1]\]. Although the effectiveness of influenza vaccine has been reported to be around 40--60% \[[@bib2]\], vaccination is regarded as the best method of controlling influenza infection.

Vaccines that not only prevent symptom onset but reduce symptom severity may be more beneficial than those that prevent symptom onset alone. Influenza vaccines have been reported to reduce hospitalization rates in adult populations \[[@bib3], [@bib4]\], to reduce the risks of life-threatening influenza in children \[[@bib5]\], to attenuate symptom severity in older adult outpatients \[[@bib6]\] and to decrease the risks of fever in children \[[@bib7]\]. All of these studies, however, had limitations, including selection bias; moreover, these studies differed in study settings and methods of analysis. Because community-based prospective studies can observe the study population and address selection bias, longitudinal epidemiological studies are needed in the field of infectious disease research.

Although influenza epidemics usually occur among schoolchildren, studies to date have not evaluated the effects of vaccination in school settings. We therefore conducted a prospective observational epidemiological study among all elementary schoolchildren in a moderately sized city in Japan during the 2014/2015 influenza season. That study showed that patterns of infection spread could be determined by simple mathematical modeling \[[@bib8]\] and that vaccination and wearing a mask were effective in preventing the symptom onset \[[@bib9]\]. However, the benefits of vaccination in symptomatic children remain undetermined. The present study therefore compared influenza symptoms in schoolchildren diagnosed with influenza who were and were not vaccinated.

2. Materials and methods {#sec2}
========================

2.1. Study subjects {#sec2.1}
-------------------

The study method and data collection have been described \[[@bib8]\]. Briefly, a prospective survey was performed among the 13,217 schoolchildren who attended all 29 public elementary schools in Matsumoto City, Nagano Prefecture, Japan, during the 2014/2015 influenza season. In that study, information about symptoms and background demographic and clinical factors were obtained from a questionnaire administered to all children who were diagnosed with influenza. A case was defined as an individual who had an influenza-like illness (ILI), as shown by fever ≥37 °C and upper respiratory symptoms, and was diagnosed with seasonal influenza by a clinician at a medical institution. In Japan, if a schoolchild is diagnosed with influenza at a medical institution, the school nurse gives a certified document to the child\'s guardians, who are required to fill out the document and submit it to the school when the child returns to school. The questionnaire in the present study was distributed with the certified paper through school nurses. After questionnaires were distributed to households, parents/guardians of diagnosed children completed and submitted them to school nurses. Responses were received from the parents/guardians of 2,548 schoolchildren diagnosed with seasonal influenza; this number corresponded to 95.8% of the 2651 children who had been diagnosed as having influenza and for whom documents were submitted to their schools.

The questionnaire included factors regarded as associated with influenza symptoms \[[@bib8]\]: sex (male/female); grade in school (description); number of household members (description); current underlying disease, if present (cardiovascular disease, pulmonary disease, kidney disease, liver disease, nerve disease, muscle disease, blood disease and diabetes); influenza vaccination during the 2014/2015 season before symptom onset (yes/no); dates of fever onset and diagnosis (calendar dates); date fever declined to \<37 °C (calendar date); medication (oseltamivir, zanamivir, laminamivir, other); hospitalization (yes/no); symptoms (cough, sputum, sore throat, runny nose, chills, headache, nausea, arthralgia, diarrhea); mask wearing (yes/no); hand washing (yes/no); gargling (yes/no); and suspected route of transmission (description). Fever duration was defined as the time from the date of fever onset to the date of fever reduction to \<37 °C. The data was checked by researchers and there was no evidence of missing data for the analysis in this study. As a result, data for 2548 children were included in the analysis.

2.2. Ethics {#sec2.2}
-----------

Because questionnaires were self-administered and answered anonymously, subjects who returned questionnaires were regarded as voluntary participants. The study procedure was approved by the Shinshu Medical Ethics Committee (approval number 2715), as described \[[@bib8]\]. The ethical committee did not require informed consent because responses did not identify specify households or individuals. Moreover, this study was a secondary analysis of previously obtained data.

2.3. Influenza spread and vaccine information {#sec2.3}
---------------------------------------------

During the 2014/2015 influenza season, almost all infected patients in Japan were found to be infected with the A/H3 subtype of seasonal influenza \[[@bib10]\]. In the present survey, rapid diagnosis kits also found that almost all patients were infected with subtype A \[[@bib8]\]. According to the National Institute of Infectious Disease of Japan (NIID), only one inactivated vaccine type was distributed during the 2014/2015 influenza season; that vaccine was directed against three viral strains; A/California/7/2009(H1N1)pdm09, A/New York/39/2012(H3N2) and B/Massachusetts/2/2012 \[[@bib10]\]. The vaccine effectiveness was reported to be around 20% in a previous study \[[@bib9]\]. The match between vaccine and circulating strain was small in this year according to an NIID report \[[@bib10]\].

2.4. Statistical analysis {#sec2.4}
-------------------------

### 2.4.1. Null hypothesis method {#sec2.4.1}

All statistical analyses were performed with R software (ver. 3.4.0). Fever duration, symptoms and hospitalization in vaccinated and unvaccinated groups were compared using the Mann-Whitney U-test and Chi-square test, as applicable. A p value \< 0.05 was considered statistically significant.

### 2.4.2. Propensity score matching {#sec2.4.2}

Many previous studies have shown limitations, including selection bias or inadequate adjustment for confounding factors. Propensity score is often used in observational studies to adjust for several background factors, mimicking randomized controlled trials \[[@bib11], [@bib12]\]. Because this study was observational in nature, selection bias was minimized by propensity score matching of patients in the vaccinated and unvaccinated groups. Factors used to calculate propensity scores included grade in school, sex, underlying diseases, number of siblings, number of days from symptom onset to diagnosis, medication, mask wearing, washing hand, gargling and suspected transmission route. The MatchIt package and the neighbor method were used for 1:1 propensity score matching \[[@bib13]\]. The Hosmer-Lemeshow test was applied and the result was not significant, therefore, we confirmed that the allocation was valid.

### 2.4.3. Bayesian statistics {#sec2.4.3}

To estimate differences in symptoms between the vaccinated and unvaccinated groups, data were analyzed using the Bayesian method, resulting in a posterior distribution. Despite propensity score matching, unpaired tests were performed because the data were evaluated as groups. Then, Rstan (ver. 2.15.1) software which is used widely in the world was employed for Bayesian analysis. In this procedure, sampling was performed five times, with each consisting of 21,000 chains. The burn-in was 1,000, with a random value of 100,000 obtained and posterior distribution estimated by the Hamiltonian Monte Carlo (HMC) method which is one type of Markov chain Monte Carlo (MCMC) method. Each R hat was \<1.1 and all samplings converged. All procedures were performed as described \[[@bib14]\].

3. Results {#sec3}
==========

Of the 2,548 schoolchildren diagnosed with influenza during the 2014/2015 season, 1,122 had been previously vaccinated and 1,426 had not. The factor of school grade to represent age of child showed no significant difference between groups. A comparison of fever duration showed no significant difference between vaccinated and unvaccinated groups (median \[25%, 75%\]; 3 \[[@bib2],[@bib4]\] vs 3 \[[@bib3],[@bib4]\]; p = 0.07). In addition, the frequency of all other symptoms did not differ significantly in these two groups. However, the hospitalization rate was significantly lower in the vaccinated than in the unvaccinated group (1.4% vs 2.6%; p = 0.04; odds ratio \[OR\] 0.54; [Table 1](#tbl1){ref-type="table"}).Table 1Influenza symptoms of vaccinated and unvaccinated schoolchildren.Table 1Factorn = 2548Vaccinated (n = 1122)Unvaccinated (n = 1426)p-valueFever durationMedian \[25%, 75%\]3 \[2, 4\]3 \[3, 4\]0.07Mean \[SD\]3.2 \[1.1\]3.2 \[1.1\]HospitalizationYes16 (1.4)37 (2.6)0.04No1106 (98.6)1389 (97.4)ArthralgiaYes270 (24.1)366 (25.7)0.35No852 (75.9)1060 (74.3)ChillsYes335 (29.9)453 (31.8)0.30No787 (70.1)973 (68.2)CoughYes835 (74.4)1039 (72.9)0.38No287 (25.6)387 (27.1)DiarrheaYes92 (8.2)124 (8.7)0.66No1030 (91.8)1302 (91.3)HeadacheYes588 (52.4)752 (52.7)0.87No534 (47.6)674 (47.3)NauseaYes219 (19.5)292 (20.5)0.55No903 (80.5)1134 (79.5)Runny noseYes695 (61.9)841 (59.0)0.13No427 (38.1)585 (41.0)Sore throatYes498 (44.4)596 (41.8)0.19No624 (55.6)830 (58.2)SputumYes311 (27.7)363 (25.5)0.20No811 (72.3)1063 (74.5)[^1]

After adjusting for individual background factors using the propensity score method, each group consisted of 1,065 subjects. The characteristics of both groups are shown in Supplement 1. Although the Hosmer-Lemeshow method showed the allocation was performed well, only the underlying disease factor remained different between groups. Posterior distribution was obtained by the HMC method. The expected a posteriori (EAP) fever duration was 3.17 days in the vaccinated group and 3.19 days in the unvaccinated group (Supplement 2), with a between group difference of -0.02 day (Supplement 3). Another estimation showed that the generated quantity of the area under the curve that fever duration would be lower in the vaccinated than in the unvaccinated group was 70.5%.

When we compared the frequency of all symptoms in the propensity score matched groups, we found that the EAP for all symptom had ORs ranging from 0.92 to 1.11 and 95% credible intervals (CIs) ranging from 0.72 to 1.33 ([Table 2](#tbl2){ref-type="table"}).Table 2Posterior distribution of Odds Ratio of influenza symptoms between vaccinated and unvaccinated groups after propensity score matching.Table 2SymptomsOdds RatioSESD2.5%5%50%95%97.5%SamplingR hatArthralgia0.920.000.090.750.780.921.081.11861541Chills0.930.000.090.770.790.921.081.11820021Cough1.100.000.110.900.931.091.281.33818641Diarrhea0.990.000.150.720.760.981.261.32840771Headache1.030.000.090.860.891.021.181.21868651Nausea0.940.000.100.760.780.931.111.15776001Runny nose1.090.000.100.910.931.081.251.29936431Sore throat1.100.000.100.920.951.091.261.30837221Sputum1.110.000.110.910.941.101.291.33822951

The EAP frequency of hospitalization yielded an OR of 0.68 (Supplement 4). The adjusted OR was higher than the crude OR (0.54). The area under the curve that the OR of the vaccinated compared with the unvaccinated group would be below 1.00 was calculated as 92.2% (Supplement 5). This result indicated that the likelihood of hospitalization would be lower in vaccinated than in unvaccinated symptomatic individuals.

4. Discussion {#sec4}
=============

This study was performed to evaluate the effects of seasonal influenza vaccination on influenza symptoms by comparing outcomes in vaccinated and unvaccinated individuals. We evaluated the entire population of elementary schoolchildren in one city and almost all (95.8%) of symptomatic cases could be analyzed. Therefore, we believed that selection bias was excluded as far as can be possible. This study showed that fever duration and symptoms were similar in the vaccinated and unvaccinated groups, whereas hospitalization rates were lower in the vaccinated group. Similar results were obtained after propensity score matching.

In this study, we found that hospitalization was less in vaccinated children. This agrees with findings in many previous studies. For example, influenza vaccination was found to reduce the rates of influenza diagnosis and hospitalization and was associated with reduced severity and a better prognosis in inpatients with influenza \[[@bib3]\]. In addition, a large scale national survey in the US showed that influenza vaccination programs provided substantial health benefits, including reducing the rate of hospitalization \[[@bib4]\]. High vaccination coverage was estimated to avert hospitalization in several age groups, and influenza vaccination was associated with reduced symptom severity in the outpatient setting \[[@bib6]\]. Because few patients in the present study were hospitalized, we also found that vaccination had a beneficial effect on the rate of hospitalization in Japanese schoolchildren. According to Supplement 1, we found that underlying disease factor was frequent in the vaccinated group. This bias could not be adjusted for fully because children with underlying disease might be given more vaccination to prevent their disease worsening. Nevertheless, hospitalization was less in the vaccinated group. This phenomenon shows that underlying disease was not directly associated with hospitalization, and vaccination may prevent hospitalization as we had assumed. In other words, the effect of vaccination to prevent hospitalization may be underestimated in this study. In contrast, we found that vaccination did not decrease symptom frequency or fever duration. However, a previous study reported that vaccination was associated with reductions in the duration of numerous symptoms among young healthy adults \[[@bib15]\], suggesting that vaccination could attenuate symptoms. The discrepancy between these studies may be due to differences in age groups and/or study settings.

Because most clinical studies have analyzed patients who visited a specific hospital, these studies might show a selection bias such as residence of patient or degree of urbanization because of the hospital location. In contrast, the present study included all elementary schoolchildren in a moderately-sized city. We were therefore able to obtain data about all schoolchildren who had been diagnosed with seasonal influenza, thus eliminating possible selection bias. In contrast to other studies, we found that influenza vaccination was not associated with fever duration or symptoms. This difference may be due to our inclusion of all individuals diagnosed with influenza, not only those with severe disease but those with mild or slight disease, who were diagnosed by a family doctor or in a clinic. The strength of the present study was its determination of the effects of vaccination in all schoolchildren in an entire city, while adjusting for individual background factors.

Nevertheless, this study had several limitations. First, because data were obtained from questionnaires, biological findings, such as those obtained from blood samples, were not analyzed. This method may have a limitation of measurement error or recall bias. In general, a definitive diagnosis of influenza requires a PCR-based method. Therefore, this study may have included patients with ILI or other respiratory diseases. However, in fact, other public health studies often utilize self-administrated questionnaires to determine the tendency of influenza spread. We obtained influenza diagnosis information based on use of rapid diagnosis kits by medical institutions, therefore, we believe the diagnosis information was reliable. Second, a selection bias among children who showed symptoms and visited hospitals may be present. The motivation of guardians on whether or not to take their charges to hospitals was unknown. Although the hospitalization rate was lower in the vaccinated group, this might have been influenced by child vaccination history because guardians might be less likely to take their children to hospital if they have been vaccinated. Such limitations should be addressed in future studies. Third, the vaccinated groups included all children who had been vaccinated at least once. We did not compare subjects who had been vaccinated once with those who had been vaccinated twice. Fourth, this study was performed in Japan, a country with an advanced medical system that includes requirements for certified reporting of illness, the use of a uniform strain and the availability of medical materials. Therefore, the results of this study may be limited to countries with similar medical systems. Longitudinal studies in several study settings are therefore required.

In conclusion, this study, based on data from an observational epidemiological study, showed that influenza vaccination reduced hospitalization but did not affect fever duration or symptoms in symptomatic schoolchildren. Influenza vaccine may therefore have a protective effect, even after symptom onset.
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[^1]: Note: Mann--Whitney U test, Chi-square test. Proportion (%) was calculated by each cell value divided by the total number of vaccinated (n = 1122) or unvaccinated (n = 1426) children.
